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Abstract 
This report explores the question; how firms can make their professional services business 
productive to get the maximum out of invested inputs.  
In the global economy, the service business is getting more and more important as observed 
in shares in GDP, added value and employment. While its economic importance grows, the 
demands on services put another complexity on the situation. The current economy 
experiences rapidly changing social structure and expanding business domains.  
From a viewpoint of services providers, this brings both opportunity and challenge. While 
this strong increase of demands is obviously considered as an opportunity, a challenge is 
how a business unit can ensure profitability by responding to many multiplex kinds of 
demands. Here, knowledge gaps exist in defining concrete actions. The needs of services 
business manager lies on rationale to justify their decision making for securing profit. This 
report empirically and econometrically challenges these requirements, and intends to 
provide references in decision making for investment to realize higher productivity. 
To reach the answer, the main question is detailed into the three sub questions as below.  
 (a) Which industry sector realizes scale of economics in “As-Is”?  
 (b) Is it more labor- or capital- intensive in the identified industry sector, where scale of 
economies is observed? 
 (c) What characteristics make a firm more productive in the given industry sector 
The analysis of the report starts from assessment of productivity of the 31 industry sectors. 
In general comparison between the sectors which realize scale of economies and which do 
not, profitability and cost of employees per operating revenues are confirmed to be higher 
for the sectors on scale of economies. In the second comparison between labor-intensive and 
capital intensive sectors, labor-intensive industry sectors are found to be smaller in firm and 
revenue sizes when compared to capital-intensive industry sectors. The analysis specifies the 
five sectors realizing the scale of economies; “Legal service”, “Specialized Design Services”, 
“Accounting, Tax Preparation, Bookkeeping and Payroll Services”, “Dry cleaning and 
Laundry Services” and “Other Professional, Scientific, and Technical Services”. The detailed 
description is provided for each sector, qualitatively and quantitatively. For instance, the 
quantitative suggestion that the Legal service benefits from scale of economies with labor 
intensive investment by keeping a number of employees limited is consistently supported by 
qualitative prior-research on the institutional features of the law firms. Furthermore, 
productivity is addressed at firm level by benchmarking productivity per firm with respect 
to the industry average. The productivity performance of firms are compared with other 
performance metrics at firm level, so that reference metrics is suggested to improve 
productivity and is made available for managers in business operation. 
Finally, discussion is made to get the maximum out of the findings together with remarks 
for future research. Several takeaways are suggested to be useful to manage services 
business.  
2 
 
  
3 
 
<Table of Contents> 
 
1. Introduction ................................................................................................................................... 4 
2．Productivity of services ................................................................................................................ 7 
2.1. Literature study ............................................................................................................................. 7 
2.2. Productivity definition .................................................................................................................. 8 
2.3. Production functions ..................................................................................................................... 8 
2.4. Unique value of the report ............................................................................................................ 9 
3. Overall Approach ......................................................................................................................... 10 
3.1. Cobb Douglas production function ............................................................................................. 10 
3.2. Interpretation of Variables........................................................................................................... 10 
3.3. Productivity analysis at firm level ............................................................................................... 11 
3.4. Productivity analysis at industrial level ...................................................................................... 13 
3.5. Data collection ............................................................................................................................. 14 
4. Analysis ....................................................................................................................................... 17 
4.1. Industrial productivity in the period of 1989 to 2018. ................................................................. 17 
4.2. Industrial productivity shift over the periods ............................................................................. 26 
4.3. Industrial productivity in correlation with other metrics ........................................................... 28 
4.3.1. EBITDA ................................................................................................................................. 31 
4.3.2. Number of employees ........................................................................................................... 33 
4.3.3 Fixed assets ............................................................................................................................ 35 
4.3.4. Total revenues ....................................................................................................................... 37 
4.3.5. Profitability ........................................................................................................................... 39 
4.3.6. Costs ...................................................................................................................................... 45 
4.3.7. Summary ............................................................................................................................... 53 
4.4. Industrial productivity with qualitative description ................................................................... 53 
4.4.1. Legal Services ........................................................................................................................ 53 
4.4.2. Specialized Design Services .................................................................................................. 54 
4.4.3. Accounting, Tax Preparation, Bookkeeping and Payroll Services. ....................................... 55 
4.4.4. Other Professional, Scientific, and Technical Services .......................................................... 55 
4.4.5. Dry cleaning and Laundry Services ...................................................................................... 56 
4.5. Firm-level productivity ............................................................................................................... 58 
4.5.1. Review of approach .............................................................................................................. 58 
4.5.2. Productivity correlation with single metrics ......................................................................... 58 
4.5.3. Productivity correlation with mutliple metrics ..................................................................... 69 
5. Conclusions and discussion ......................................................................................................... 73 
5.1. Feedbacks to the research questions ............................................................................................ 73 
5.2. Discussion ................................................................................................................................... 74 
5.3. Room for future research ............................................................................................................. 75 
Acknowledgement ........................................................................................................................... 76 
References ....................................................................................................................................... 77 
 
  
4 
 
1. Introduction 
The theme of this report is how professional service business unit can realize scale of 
economies with increasing return out of invested inputs. In general, professional services 
delivers outputs by utilizing its own expertise available in their resources. The quality and 
amount of the output depend on the productivity of these resources. This report empirically 
explores the question; how firms can make their services business productive to get the 
maximums output from invested inputs.  
In the global economy, the service business is getting more and more important in terms 
of shares in GDP, added value and employment. As Buckley[ 1 ] reports, the services’ 
contribution to GDP appears with a sharp increase in almost all the countries. Services’ share 
of GDP has grown from 63% in 1997 to 68.9% in 2015, while manufacturing industry 
declined from 31.2 % to 27.3% in the same period. Over 60% of the total value added is 
contributed by services sectors every nation, except several developing countries as 
Indonesia, China and India. Naturally, this as a consequence requires strong growth of 
employment in services sector. Actually, for the top 10 OECD member nations, services is so 
dominant in total employment as 86.9 % in average, ranging from 68.7% in Germany to 
94.5% in South Korea.  
While its economic importance grows, the demands on services put another complexity on 
the situation. The current economy experiences rapidly changing social structure and 
expanding business domains. The paradigm shifts happen hurriedly, altering business 
players drastically. For instance, in public industrial sectors, public institutes as an airport 
and water management are transferred to private business units, disclosing socially secured 
public services to market principle of competition and innovation. In private business 
sectors, their tasks are reviewed in seek for higher productivity and efficiency, as often 
observed as reformation of working practices [2]. In the review, the tasks are decomposed 
into modules, and categorized into the core modules and the non-core modules for firms’ 
competitiveness. Eventually, for firms to be more efficient in managing direct and indirect 
costs, these non-core tasks are preferred being indirect costs and being outsourced to 
external services provider.  
From a viewpoint of services providers, this provides both an opportunity and challenge. 
While this strong increase of demands is obviously considered as an opportunity, a challenge 
is how a business unit can ensure profitability by responding to many multiplex kinds of 
demands. As often explained as general characteristics in services in contrast to 
manufacturing, service delivery undergoes production and consumption simultaneously. 
This implies that service execution cannot be stored in inventory as a stock and that 
production of services needs to be tailored with respect to given demand at a requested 
timing. This inefficiency is highlighted in contrast to manufacturing industry which enjoys 
scale of economies by mass production of same products. So, it is a challenge of services 
industry to deliver their services by managing efficient use of resources with respect to the 
market demand and its timing.  This underlying challenge breaks up to the surface as the 
following questions.  How can we prepare human resources technically capable of 
responding to the demands? How can we control seasonality of the demands? Is there any 
hardware resources helping us out? By the way, how can these resources yield profit? 
Namely, how can these resources be productive in terms of a profit? 
As general tips, several suggestions are commonly available to enhance productivity in 
services business operation. Sharing economy is at the root of these ideas. Morikawa [3] 
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points out the followings as useful hints to improve chain operation of retail and 
restaurants ; sharing common know-how, utilization of information technology network, 
consolidation of indirect tasks at cost centers, procurement at mass volume by one dedicated 
group and same marketing activities reused at different channels. In another point of view, 
Hasegawa [4] suggests, with an example of Facebook, to develop a business model where 
uses by themselves play a proactive role in value enhancement instead of service providers. 
In this model, a service providing business unit can benefit from this participation of users 
for free of charge, resulting in cost-saving for their internal resources.  
On the other hand, there are limiting factors against productivity in general. As in 
professional services sectors where competitive expertise is tightly connected to a personnel 
so its skill cannot be separated from the expert, then it does not scale to other persons to 
repeat the same quality and amount of the output. Given the market is highly competitive, 
imposing pressure to be price elastic, then, however productive the resources are in services, 
the profit anyway shrinks due to discounted sales price at top line. Also, a firm size is 
expected to influence productivity. The more its size enlarges more, the more decision 
making process slacks off in organization.  
These general characteristics are indicative, and might give a hint for improving 
productivity. However, from a view point of operating a service business unit, knowledge 
gaps exist for managers, who needs to translate these tips into a concrete action and, finally, 
profit. In practice, the primary goal is to make profit by securing target margin out of 
services business operation. Successively, an efficient use of resources becomes 
accountability of the manager to defend. The needs of services business manager lies on 
rationale to justify their decision making for securing profit. What is the most effective 
investment? Should there be investment in labor skill for higher output or be simply more 
labor? Or, should there be more capital as facility or equipment for higher productivity?  
This report empirically and econometrically challenges these requirements to fill the 
knowledge gaps for practical service business management, and intends to provide 
references in decision making for investment to realize higher productivity. The first focus is 
the productivity of invested inputs with respect to earnings as an output. This is investigated 
for selected industrial services sectors with a criteria whether scale of economies with 
increasing returns is observed or not. Actually, this paper identifies the five services sectors, 
which exhibit scale of economies ; “Legal service”, “Specialized Design Services”, 
“Accounting, Tax Preparation, Bookkeeping and Payroll Services”, “Dry cleaning and 
Laundry Services” and “Other Professional, Scientific, and Technical Services”. Secondly, the 
analysis compares contributions between labor and capital investment with respect to 
earning as an output. By this comparison, an implication is provided which input is more 
intensively used to generate earnings as an output for each of specific industry sector. 
Thirdly, these specific services sectors with strong productivity are scrutinized at firms’ 
level. Finally, discussion is made to answer how a service business unit of any interest can 
enjoy scale of economies. 
On the above purposes, this report defines the main question, where three sub questions 
are assigned. The main question is  
 How professional service business unit can realize scale of economies with increasing 
return over invested inputs.  
To reach the answer, the main question is detailed into the three sub questions as below.  
 (a) Which industry sector realizes scale of economics in “As-Is”?  
6 
 
 (b) Is it more labor- or capital- intensive in the identified industry sector, where scale of 
economies is observed? 
 (c) What characteristics make a firm more productive in the given industry sector 
 Note : these (a), (b), (c) are referred to as research question (a),(b),(c) in the later parts of 
this report. 
Throughout this report, the productivity is described by Cobb-Douglas production 
function model. The output variable is value added as defined as earnings before interest, 
tax, depreciation and amortization (abbreviated as “EBITDA”). The input variables are fixed 
asset to represent capital input and a number of employees to do for labor input. Elasticities 
of labor and capital variables are considered as measures for increasing or diminishing 
returns out of inputs, and are identified by solving OLS function. A panel data set of 31 
professional service sectors are used in the analysis, and are obtained from commercially 
available database.  
In the Section 2, the issues of productivity in services business are summarized based on 
preceding researches. There, discussed is, as general characteristics of services business, the 
difficulty to realize increasing profit as appearing as scale of economies. Also, the previous 
works with similar scope as this report are shown, and their conclusions are briefed. 
Especially, the motivation of employing Cobb-Douglas function is explained, referring to 
other works with other type of production functions. Having these references, this section 
clarifies the value of this report, differentiating itself from the previous works.  
In the Section 3, given the general characteristics of service business, the focus of this 
report is further specified by detailing viewpoints used in the analysis. Overall approaches to 
quantitatively describing productivity are explained with concrete procedure and examples. 
Together with employed Cobb-Douglas function, discussed are how its variables are linked 
to research questions. Several scenarios are exemplified to illustrate a possible interpretation 
of analysis results. Finally, data used in analysis of later section is explained in terms of their 
origin and scope. 
In the Section 4, the analysis and its results are explained to answer the research questions. 
It starts from assessment of productivity of the 31 industry sectors. In general comparison 
between the sectors which realize scale of economies and which do not, profitability and cost 
of employees per operating revenues are found to be higher for the sectors on scale of 
economies. In another comparison between labor-intensive and capital intensive sectors, 
labor-intensive industry sectors are smaller in firm and revenue sizes when compared to 
capital-intensive industry sectors. As mentioned above, the analysis specifies the five sectors 
realizing the scale of economies. The detailed description is given to them both qualitatively 
and quantitatively to crosscheck the validity of the findings. For instance, the quantitative 
suggestion that the Legal service benefits from scale of economies with labor intensive 
investment by keeping a number of employees limited is consistently confirmed by the 
institutional features of the law firms as described by the qualitative prior research. Finally, 
productivity is addressed at firm level by benchmarking productivity per firm with respect 
to the industry average. The productivity performance of firms are compared with other 
performance metrics at firm level, so that reference metrics is suggested to improve 
productivity and is made available for managers in business operation. 
In the Section 5, the summary of all the findings are made, and paired with each of the 
research questions. Discussion is made to make the maximum use out of the findings and to 
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remark a room for future research. Several takeaways are suggested to be useful to manage 
services business.  
2．Productivity of services 
2.1. Literature study 
As known as the famous Baumol’s cost curse of services [5], Baumol discusses economic 
activities can be grouped into two types : “technologically progressive activities in which 
innovations, capital accumulation, and economies of large scale all make for a cumulative rise in 
output per man hour, and another non-progressive activities which, by their very nature, permit only 
sporadic increases in productivity” (Minor modification is made by the author on an attempt to 
make it clear in this segment). In Baumol’s literature, the second type of non-progressive 
activities is exemplified by live performance of a half hour horn quintet. A half hour piece of 
music requires the same one hour labor as required in centuries ago. Wages grow, but output 
remains the same. So, this type of labor intensive services face a productivity challenge. 
 Though this remark is strong in its logic, the recent study of Nose[6], which researches in 
public educational service, shows the contribution of Baumol’s effect was smaller than 
implied by theory in both advanced and developing economies.  
Also, it should be remarked that technological options to enhance personal productivities 
becomes much more advanced nowadays than the time of Baumol’s paper. This can mean 
recent services may benefit more from the technical innovation so that are rather closer to 
technologically progressive activities than to non-progressive activities as it was thought to 
be. Actually, Timmer [7] claims European productivity growth slowed down from 1990s to 
2007 due to the failure to invest in Information and Communication Technology. 
Lately, there are several preceding studies which address productivity in services industry. 
Morikawa [8], conducted exhaustive researches on productivities of Japanese Services 
Industries engaged mainly in B2C market. As a result, confirmed at almost all the service 
industries are scale and scope of economies at the both levels of establishment and firm. 
However, the presented results do not directly provide a pragmatic implications for business 
players, who would like to know how to improve their business unit. Especially, there is 
little takeaway available for business players in the global B2B service market.  
Ge [9] made an interesting survey to analyze the economies of scale of Software as a Services 
(abbreviated as “SaaS”) software firms. Its conclusion is that SaaS firms have smaller 
economies of scale than traditional software firms. Often, SaaS is considered as one of the 
fastest-growing delivery models in the software industry and is expected to benefit from 
economies of scale. This expectation is based on the reason that information technology 
management and the associated resources are centralized at the SaaS vendors to be 
undoubtedly cost-efficient. However, Ge discusses poor labor contribution to added value, 
requirement of customization and the security and maintenance of centralized server 
systems are the reasons why SaaS firms do not perform economies of scale well. Further 
detailed analysis also suggests large R&D expense is the cause of little economies of scale at 
SaaS firms. 
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2.2. Productivity definition 
 Production is defined as output in function of invested inputs, so can be in general 
formulated as below. 
𝑦 = func(𝑥1, 𝑥2)  
 , where y is output produced from the invested inputs; 𝑥1 for labor input and 𝑥2 for capital 
input.  
Practically, the function can include more dependent variables than two. The requirement is 
that these additional dependent variables are as a part of inputted investment to influence 
the output, and are decoupled from the other input variables. Actually, there are several 
variations around output and input variables. In earlier years, a use of production function is 
dominantly found in manufacturing process typically at factories [10]. There, the output 
variable is designed to be a number of actual units produced in a plant. Later, a scope of 
production function is expanded into not only manufacturing but also in service. With this 
expansion, users of production function experienced the difficulty to obtain the actual 
number of produced units, as they did not necessarily work inside the target production 
company. Instead, the financial numbers available in the public report are made in use; total 
revenue and added values (earnings). 
In case of total revenue, however, input variables need to include not only labor and capital, 
but also other input factors as energy, materials and services consumed during the 
production process. Obviously, these additional factors are often not publicly available 
information, so making it difficult for external researches to make use of them. This actually 
binds this report to use earnings instead of total revenue.  
 Regarding labor input, actual labor cost or working hours of labor should be the most direct 
variable. Again, however, due to the scarce availability in public information sources, it is 
practically proxied by a number of employees instead. This report follows it, and uses a 
number of employees. 
 For capital input, a fixed asset in financial number is the most often used. As alternative, 
actual billable use of capital in hours or money could be an option, which are typically an 
internal information within a firm and is not disclosed.  
In summary, this report uses the two input variables of labor and capital. A number of 
employee and fixed asset is used as input variables, representing labor and capital, 
respectively.  
 
2.3. Production functions 
In the preceding studies of production, several functions are proposed, and are formed 
either in linear or logarithmic forms. As seen preceding literatures [11][12][13], widely used are 
Cobb-Douglas type and Translog type production functions on the assumption of 
logarithmic combination. 
 In linear form, its formulation is given as below. 
𝑦 = 𝐴 + 𝛽1𝑥1 + 𝛽2𝑥2 
 A is called as total factor productivity, which represents all the other factors, influencing the 
output (y), than invested inputs 𝑥1 and 𝑥2. 𝛽1 and  𝛽2  are coefficients for  𝑥1 and 𝑥2, 
respectively, being the marginal productivity to each input variable. 
This linear form assumes a linear combination among total factor productivity (A) and 
contributions from labor and capital (𝛽1𝑥1 and 𝛽2𝑥2). In this implementation, it should be 
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remarked that an output keeps increasing at a constant marginal rate along investment. In 
another word, it would mean that the output increments at a constant marginal rate of the 
input, even if just one of labor and capital inputs is invested and another input variable is not 
additionally invested. 
On the other hand, Cobb-Douglass and Translog types assume the logarithmic combination 
among total factor productivity and contributions from invested inputs 𝑥1 and 𝑥2. 
Cobb-Douglass type is expressed as below.  
𝑦 = 𝐴𝑥1
𝛽1𝑥2
𝛽2 
ln 𝑦 = ln 𝐴 + 𝛽1 ln 𝑥1 + 𝛽2 ln 𝑥2 
By this expression, output (y) follows a trajectory of logarithmic curve, where marginal 
return of rate is non-linear, being determined by the given  𝛽1 and  𝛽2.  Thus, the 
questionable constant rate of return as remarked in the linear type is not anymore relevant in 
this logarithmic form. Actually, this enables to behave increasing and diminishing returns 
out of inputs, so is consistent with the scope of this report. 
 Translog type considers the 2nd power of labor and capital terms and the cross term between 
labor and capital.  
ln 𝑦 = ln 𝐴 + 𝛽1 ln 𝑥1 + 𝛽2 ln 𝑥2 +  
1
2
𝛽11(ln 𝑥1)
2 +  
1
2
𝛽22(ln 𝑥2)
2 + 𝛽12 ln 𝑥1 ln 𝑥2 
Consequently, this provides the higher degrees of details in representing the output 
behavior of y, as more coefficients are available in its formulation. While this can be regarded 
as a positive point, a remark is that it brings another level of complexity in translating these 
results into the comprehensive conclusion e.g. what is the distinctive meaning of 2nd power 
of labor and capital terms next to the 1st power of them. 
 This report employs Cobb-Douglass function, being motivated and supported by the fact 
that Cobb-Douglass type appears in many publicly available references despite its simple 
formulation.  
 
2.4. Unique value of the report 
 This report is unique in a sense that it is motivated to provide insights for a pragmatic use in 
the global professional services business field of today. Productivity is studied over 30 
services industrial sectors spread all over the world. Panel data are collected over 1989-2018 
from firms available in commercial database for international listed companies. The 
comparative analysis is conducted to indicate how to enhance productivities by clarifying 
more effective investment between labor and capital. The descriptive analysis details on 
highly performing industry sectors to find insights useful for the business use. 
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3. Overall Approach 
3.1. Cobb Douglas production function 
As discussed in the previous section, this report employs Cobb Douglas production 
function to describe the relationship between invested inputs (K,L) and produced output 
(Y), as shown in the formula below.  
𝑌 = 𝐴𝐾𝛽𝑘𝐿𝛽𝑙 
Y, the dependent variable as output is defined to be earnings before interest, tax, 
depreciation and amortization (abbreviated as “EBITDA”). A is total factor productivity 
(abbreviated as “TFP”). K, as an independent variable for labor is a number of 
employees. L as an independent variable for capital is fixed asset. 𝛽𝑘 and 𝛽𝑙  are 
elasticities in terms of K and L respectively. 
Using the panel data of Y, K and L, then A, 𝛽𝑘 and 𝛽𝑙  are estimated in a logarithmic 
form based on Ordinary Least Square method (described as “OLS”). In this report, the 
monetary unit, as EBITDA(Y) and fixed asset(L), is expressed in thousands of USD. 
ln 𝑌 = ln 𝐴 + 𝛽𝑘 ln 𝐾 + 𝛽𝑙 ln 𝐿 
For the analysis conducted for time-series, year dummy is included in the formula. 
ln 𝑌 = ln 𝐴 + 𝛽𝑘 ln 𝐾 + 𝛽𝑙 ln 𝐿 + ∑ 𝛽𝑦𝑒𝑎𝑟𝑑𝑢𝑚𝑚𝑦𝑦𝑒𝑎𝑟 
To make the estimate reliable, this work applies OLS to an industry sector, only if a 
number of samples in a sector is higher than 20. 
 The Fig. 1 is an example use of Cobb Douglass production function. This is made for 
1768 samples in Professional, Scientific, and Technical Services. 𝛽𝑘 and 𝛽𝑙 are estimated 
to be 0.5077 and 0.4030, respectively. These estimated 𝛽𝑘 and 𝛽𝑙 enable Cobb Douglas 
function to provide the estimate of EBITDA over the given inputs, as shown as the blue 
mesh in Fig. 1. The actual inputs are shown in red dots. The same style of representation 
is applied to both linear and logarithmic spaces in Left and Right figures. 
 
 
 
Fig. 1. Productivity plots 
Linear (Left) and Logarithmic scales (Right)  for Professional, Scientific, and Technical 
Services. N=1768, 𝜷𝒌 = 0.5077 and 𝜷𝒍 = 0.4030. Blue meshes are the estimated EBITDA 
based on identified 𝜷𝒌 and 𝜷𝒍. Red dots are the actual values. 
 
3.2. Interpretation of Variables 
EBITDA (Y) represents added value, which a firm generates out of conducting services 
business, where costs for general administration and human resources are excluded. 
Fixed asset (K) is assumed to be capital used to generate revenue and earnings, 
involving facility, equipment, building, lands, and software licenses. It is reasonable to 
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state that, if expected fixed asset becomes more elastic (𝛽𝑘) to EBITDA than a number of 
employee, then a firm produces earnings utilizing capital more intensively than labor. 
The following examples can be the cases which support higher elasticity of fixed asset  
 More earning is generated by sharing facility, IT infrastructure and equipment in 
the organization 
 More earning is generated by benefitting from enhanced technical innovation 
available in fixed asset 
A number of employee (L) is assumed to represent labor to generate revenue and 
earnings. If a number of employees becomes more elastic (𝛽𝑙) to EBITDA than fixed 
asset, then a firm produces earnings utilizing labor more intensively than capital. The 
following examples are provided. 
 More earning is generated by increasing productivity of each employee by shared 
expertise 
 More earning is generated by educating employees in multidiscipline to add more 
values and allow higher pricing in market. 
 More earning is generated by standardizing the tasks so that each employee can 
produce same output more equally with less variation 
 
 TFP (A) corresponds to contributions to EBITDA from other factors than labor and 
capital. When OLS method is used, TFP contains residual errors. To interpret TFP, the 
followings examples can be the cases which could be linked to the influence of TFP. 
 More earning is generated by higher pricing allowed thanks to strong demands (low 
price elasticity).  
 More earning is generated by any innovation or incidents raising the baseline of profit 
margin entirely in a given industrial sector. 
 More earning is generated by saving cost due to procurement of equipment in large 
volume  
 It must be remarked the interpretation of a contributor is not straightforward in some cases. 
For instance, several factors can play roles in the following cases. 
 More earning is generated by centralizing indirect operations (back offices, tax, 
human resources)  
 Both employees and assets as equipment and facility can become more 
productive. 
 More earning is generated by deploying multiple profit centers in close regions to enjoy 
density of economies. 
 Both employees and assets as equipment and facility can become more 
productive. 
 
3.3. Productivity analysis at firm level 
In section 4.4, where benchmark is made for productivity at firm level, a closer look is paid 
at the gap between an estimated and an actual outputs. An estimated output, EBITDA, can 
be considered as an expected average performance of a firm in a specific industry sector 
characterized by the given A, 𝛽𝑘 and 𝛽𝑙 . By calculating a gap between the estimate and 
the actual, it allows evaluating a productivity performance of a firm with reference to an 
expected EBITDA. Namely, when a certain firm has a higher output compared to the 
estimate, it can be considered as an outperformer compared to the average. On the other 
hand side, a firm has the lower output than the expected, it can be as an underperformer.  
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 The following Fig. 2 is an example of the above interpretation. The upper graph shows in 
histogram the gaps between the estimated and the actual for all the samples. A gap is 
calculated in logarithmic expression of the estimated and actual EBITDAs.  The horizontal 
axis corresponds to this gap, while an occurrence per each bin of gap is counted in vertical 
axis. So, the more a firm outperforms compared to the average, the more right it is counted 
in the histogram. In the given example, the high performers at significant level of 1% is 
highlighted in red. In the lower graph, the actual EBITAs are plotted in a logarithmic 
expression. The high performers at significant level of 1% as specified in the upper graph are 
colored in red. 
 
  
 
 
 
Fig. 2. Productivity benchmark at firm level 
The upper graph shows gaps between the estimated and actual EBITDAs in histogram. The 
horizontal axis corresponds to the gap, and the vertical axis is counting. 
The lower graph shows distribution of actual EBITDA. The samples colored in red are the ones 
significant at 1% in the given distribution.  
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3.4. Productivity analysis at industrial level 
In the analysis for productivity at the level of industrial sector, the results are analyzed 
in following viewpoints. 
 
The first viewpoint is, with respect to research question (a), whether  𝜷𝒌 + 𝜷𝒍  exceeds 1 
or not ( 
Fig. 3) 
I. If  𝛽𝑘 + 𝛽𝑙 < 1, then rate of return Y  diminishes along increasing investment, so does 
not exhibit economies of scale.  
II. If  𝛽𝑘 + 𝛽𝑙 = 1, then Y proportionally increases along increasing investment, so does 
not exhibit economies of scale.  
III. If  𝛽𝑘 + 𝛽𝑙 > 1, then rate of return Y increases along increasing investment, so does 
exhibit economies of scale.  
 
 
 
 
Fig. 3. Three different behaviors of return of investment 
The left, middle and right figures correspond to the above cases of I. II. And III. 
Respectively. 
 
 
The 2nd view point is, with respect to research question (b), which is higher between  𝛽𝑘 
and 𝛽𝑙 
- If  𝛽𝑘 > 𝛽𝑙, then a given industry sector gains more output (Y) when capital (K) is 
invested, so is capital intensive. 
- If  𝛽𝑘 > 𝛽𝑙, then a given industry sector gains more output (Y) when labor (L) is 
invested, so is labor intensive. 
- If  𝛽𝑘 = 𝛽𝑙, then a given industry sector gains output (Y) equally out of invested 
capital (K) and labor (L). 
 
 This 2nd viewpoint is shown in the schematic figure (Fig. 4), where elasticity of capital is 
spanned in the horizontal axis and elasticity of labor is spanned in the vertical axis. 
 The quadrant “A” is where economies of scale is present thanks to more labor intensive 
input. “B” is where economies of scale is present due to more capital intensive input. “C” 
is where economies of scale is not present and more labor intensive. “D” is where 
economies of scale is not present and more capital intensive.  
 
Output 
Input 
Diminishing 
return 
Output 
Input 
Constant rate 
of return 
Output 
Input 
Increasing 
return 
(Scale of 
economies) 
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Fig. 4 The four quadrant plot, 
Each quadrant represents a specific productivity characteristic. 
 
3.5. Data collection 
The data set used in this report is obtained from OSIRIS database available commercially 
from Bureau Van Dijk. This database includes the financial and operational information of 
listed companies on the globe. This report specifically refers to EBITDA, a number of 
employees and fixed asset of a firm. These information are downloaded in a standardized 
file format, so is used for comparative analysis over firms and industries.  
  The 45 target services sectors are specified out of the following main industry sectors, 
sorted by the code of North American Industry Classification System (abbreviated as 
“NAICS”). These sectors belong to the following categories.  
 42 Wholesale Trade 
 51 Information 
 54 Professional Scientific and Technical Services 
 56 Administrative and Support and Waste Management and Remediation Services 
 61 Educational Services 
 62 Health Care and Social Assistance 
 81 Other Services(except Public Administration) 
 The complete list of industry sectors with more detailed description is shown in the Table 1.  
A number of firms involved in each sector is also provided in the table.  
This report collects the information in the years of 1989 – 2018. There are cases where the 
information is not available for a specific firm on a certain year. Especially, the older years 
tend to miss more information. In this case, used for analysis are the data just available. 
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Table 1 A complete list of industry sectors used in the analysis.  
 
NAICS code NAICS code description Number of 
firms involved 
4238 Machinery, Equipment, and Supplies Merchant 
Wholesalers 
21 
5121 Motion Picture and Video Industries 79 
5182 Data Processing, Hosting, and Related Services 246 
5411 Legal Services 23 
5412 Accounting, Tax Preparation, Bookkeeping, and Payroll 
Services 
49 
5413 Architectural, Engineering, and Related Services 938 
5414 Specialized Design Services 36 
5415 Computer Systems Design and Related Services 2857 
5416 Management, Scientific, and Technical Consulting 
Services 
638 
5417 Scientific Research and Development Services 985 
5418 Advertising, Public Relations, and Related Services 550 
5419 Other Professional, Scientific, and Technical Services 82 
5611 Office Administrative Services 152 
5612 Facilities Support Services 20 
5613 Employment Services 255 
5614 Business Support Services 993 
5615 Travel Arrangement and Reservation Services 288 
5616 Investigation and Security Services 194 
5617 Services to Buildings and Dwellings 100 
5619 Other Support Services 36 
5621 Waste Collection 124 
5622 Waste Treatment and Disposal 46 
5629 Remediation and Other Waste Management Services 81 
6111 Elementary and Secondary Schools 30 
6112 Junior Colleges 2 
6113 Colleges, Universities, and Professional Schools 50 
6114 Business Schools and Computer and Management 
Training 
31 
6115 Technical and Trade Schools 6 
6116 Other Schools and Instruction 216 
6117 Educational Support Services 31 
6211 Offices of Physicians 34 
6212 Offices of Dentists 14 
6213 Offices of Other Health Practitioners 24 
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6214 Outpatient Care Centers 43 
6215 Medical and Diagnostic Laboratories 170 
6216 Home Health Care Services 89 
6219 Other Ambulatory Health Care Services 272 
6241 Individual and Family Services 20 
6242 Community Food and Housing, and Emergency and 
Other Relief Services 
1 
6243 Vocational Rehabilitation Services 8 
6244 Child Day Care Services 24 
8121 Personal Care Services 35 
8122 Death Care Services 40 
8123 Drycleaning and Laundry Services 32 
8129 Other Personal Services 92 
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4. Analysis 
In 4.1., the initial productivity assessment is provided as global performance of each industry 
sector over the entire period from 1989 to 2018.  Referring to  𝛽𝑘 and 𝛽𝑙 positioned on the 
four quadrants as discussed in the previous section, the industry sectors are grouped by 
the four, accordingly. Eventually, this analysis intends to specify which services sectors 
exhibit the scale of economies with increasing return.  
In 4.2., year-dependent global shift of productivity is checked over the three periods of years; 
1989-1999, 2000-2009 and 2010-2018. As representative of the global tendency, the average 
values of  𝛽𝑘 and 𝛽𝑙 among the industry sectors are tracked on the quadrants in order to 
specify a global shift. 
In 4.3, the analysis describes characteristics of each quadrant relatively based on comparison 
among the four quadrants. The comparison is made in terms of sizes of market, firm and 
profit. Out of this comparison, induced is a general tendency and condition where a firm can 
realize the scale of economies. 
In 4.4., the discussion is made at firm level for specific industry sectors with respect to the 
research question (c).  The principle is to know what makes a firm more productive in the 
given industry sector. Firstly, each industry sector, which exhibits the scale of economies, is 
qualitatively described based on the public references and literatures (4.4.1). Secondly, firms 
in each industry sector are evaluated for their productivity performances (4.4.2). With 
distribution of high and low productivity performance, other economical metrics are 
compared to seek for a possible correlation. This correlative analysis of productivity and a 
metric indicates a consistent characteristics of firms to be more productive. 
4.1. Industrial productivity in the period of 1989 to 2018. 
   𝛽𝑘 and 𝛽𝑙 of all the industrial sectors are shown in the Table 2. Industry sectors, which do 
not have a number of samples higher than 20, are excluded from the analysis, resulting in 40 
industries shown in the table. 
 Out of this table, the 𝛽𝑘 and 𝛽𝑙 are positioned on the four quadrants as discussed in the 
section 3 (Fig.3). The plotted 𝛽𝑘 and 𝛽𝑙 are the ones which are significant at level 5%; in 
another words, the insignificant results are excluded from this visualization. 
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Table 2  The results of productivities at industrial level.  
 
NAICS Code NAICS 
Description 
Sum of 
Elasticities 
Elasticity of 
Fixed Assets 
P(Fixed 
Assets) 
Elasticity of 
Number of 
employees 
P(Number of 
employees) 
R2 Number of 
samples 
available 
over years 
5411 
Legal 
Services 1.32 0.61 0.00 0.71 0.00 0.70 49 
4238 
Machinery, 
Equipment, 
and Supplies 
Merchant 
Wholesalers 1.21 0.00 0.99 1.21 0.00 0.90 31 
5419 
Other 
Professional, 
Scientific, 
and Technical 
Services 1.14 0.73 0.00 0.41 0.00 0.87 245 
6114 
Business 
Schools and 
Computer 
and 
Management 
Training 1.14 0.20 0.15 0.94 0.00 0.77 55 
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5412 
Accounting, 
Tax 
Preparation, 
Bookkeeping, 
and Payroll 
Services 1.10 0.69 0.00 0.41 0.00 0.90 272 
8123 
Drycleaning 
and Laundry 
Services 1.10 0.83 0.00 0.26 0.00 0.94 269 
5414 
Specialized 
Design 
Services 1.04 0.45 0.05 0.60 0.04 0.92 27 
6113 
Colleges, 
Universities, 
and 
Professional 
Schools 0.99 0.67 0.00 0.32 0.00 0.75 319 
6211 
Offices of 
Physicians 0.97 0.26 0.00 0.72 0.00 0.88 93 
6215 
Medical and 
Diagnostic 
Laboratories 0.96 0.47 0.00 0.49 0.00 0.80 568 
5621 
Waste 
Collection 0.95 0.73 0.00 0.23 0.00 0.90 539 
6111 
Elementary 
and 
Secondary 
Schools 0.95 0.75 0.00 0.20 0.24 0.52 52 
20 
 
6241 
Individual 
and Family 
Services 0.94 0.88 0.00 0.06 0.67 0.85 51 
5417 
Scientific 
Research and 
Development 
Services 0.94 0.63 0.00 0.31 0.00 0.71 1353 
5629 
Remediation 
and Other 
Waste 
Management 
Services 0.93 0.57 0.00 0.35 0.00 0.77 147 
8129 
Other 
Personal 
Services 0.93 0.59 0.00 0.33 0.00 0.77 422 
5413 
Architectural, 
Engineering, 
and Related 
Services 0.92 0.48 0.00 0.45 0.00 0.78 3789 
5615 
Travel 
Arrangement 
and 
Reservation 
Services 0.92 0.54 0.00 0.38 0.00 0.76 1331 
5415 
Computer 
Systems 
Design and 
Related 
Services 0.92 0.48 0.00 0.44 0.00 0.75 13618 
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5616 
Investigation 
and Security 
Services 0.91 0.63 0.00 0.28 0.00 0.82 843 
6214 
Outpatient 
Care Centers 0.90 0.63 0.00 0.27 0.00 0.86 278 
5182 
Data 
Processing, 
Hosting, and 
Related 
Services 0.90 0.75 0.00 0.15 0.00 0.84 1006 
6219 
Other 
Ambulatory 
Health Care 
Services 0.90 0.51 0.00 0.39 0.00 0.79 889 
5614 
Business 
Support 
Services 0.89 0.50 0.00 0.39 0.00 0.73 3130 
5416 
Management, 
Scientific, 
and Technical 
Consulting 
Services 0.89 0.42 0.00 0.47 0.00 0.76 2203 
5418 
Advertising, 
Public 
Relations, 
and Related 
Services 0.89 0.44 0.00 0.45 0.00 0.79 2290 
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6116 
Other Schools 
and 
Instruction 0.89 0.41 0.00 0.48 0.00 0.74 747 
5617 
Services to 
Buildings 
and 
Dwellings 0.89 0.56 0.00 0.32 0.00 0.79 651 
5611 
Office 
Administrati
ve Services 0.88 0.52 0.00 0.36 0.00 0.78 480 
8121 
Personal Care 
Services 0.87 0.41 0.00 0.46 0.00 0.76 154 
5121 
Motion 
Picture and 
Video 
Industries 0.86 0.71 0.00 0.15 0.01 0.74 275 
5613 
Employment 
Services 0.83 0.52 0.00 0.31 0.00 0.74 1844 
6216 
Home Health 
Care Services 0.81 0.55 0.00 0.26 0.00 0.77 314 
5622 
Waste 
Treatment 
and Disposal 0.80 0.78 0.00 0.02 0.90 0.73 104 
8122 
Death Care 
Services 0.79 0.35 0.00 0.45 0.00 0.74 216 
5619 
Other 
Support 
Services 0.77 0.78 0.00 -0.01 0.89 0.76 130 
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6117 
Educational 
Support 
Services 0.76 0.32 0.00 0.44 0.00 0.55 81 
5612 
Facilities 
Support 
Services 0.75 0.64 0.00 0.11 0.26 0.82 121 
6244 
Child Day 
Care Services 0.73 0.38 0.10 0.35 0.13 0.67 27 
6213 
Offices of 
Other Health 
Practitioners 0.61 0.55 0.00 0.06 0.73 0.65 39 
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Out of the results, the five industry sectors are confirmed to fall upon the quadrants A & B, 
so to exhibit the scale of economies. These five industry sectors are written as below, and 
their elasticities are provided in the number as shown in the
 
 
Fig. 5 and 
Fig. 6.  
 
 Quadrant A : 
 5411 Legal Services 
 5414 Specialized Design Services 
 Quadrant B : 
 5412 Accounting, Tax Preparation, Bookkeeping and Payroll Services. 
 5419 Other Professional, Scientific, and Technical Services 
 8123 Dry cleaning and Laundry Services 
 Quadrant C : 
 5121 Motion Picture and Video Industries 
 5182 Data Processing, Hosting, and Related Services 
 5413 Architectural, Engineering, and Related Services 
 5415 Computer Systems Design and Related Services 
 5417 Scientific Research and Development Services 
 5611 Office Administrative Services 
 5613 Employment Services 
 5614 Business Support Services 
 5615 Travel Arrangement and Reservation Services 
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 5616 Investigation and Security Services 
 5617 Services to Buildings and Dwellings 
 5621 Waste Collection 
 5629 Remediation and Other Waste Management Services 
 6113 Colleges, Universities, and Professional Schools 
 6214 Outpatient Care Centers 
 6216 Home Health Care Services 
 6219 Other Ambulatory Health Care Services 
 8129 Other Personal Services 
 Quadrant D : 
 5416 Management, Scientific, and Technical Consulting Services 
 5418 Advertising, Public Relations, and Related Services 
 6116 Other Schools and Instruction 
 6117 Educational Support Services 
 6211 Offices of Physicians 
 6215 Medical and Diagnostic Laboratories 
 8121 Personal Care Services 
 8122 Death Care Services 
 With respect to the research question (b), 5411 Legal Services and 5414 Specialized Design 
Services are the ones which fall in the quadrant A, so is more labor intensive, while other 3 
sectors are in the quadrant B, so are more capital intensive. 
 
 
 
Fig. 5 Productivity performances of each industry in 1989 – 2018. 
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Samples are positioned in the space spanned by the axes of elasticities of capital and labor. 
Each sample corresponds to a specific industry sector 
 
 
 
 
Fig. 6 Elasticities for industries with a scale of economies 
The five industries, which exhibit a scale of economies, are shown. 
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4.2. Industrial productivity shift over the periods 
The productivity of industry sectors is evaluated per each of the three periods as 1989-1999, 
2000-2009 and 2010-2018.   𝛽𝑘 and 𝛽𝑙 are estimated in the same manner as 4.1. The results 
are shown on the quadrant as in 
 
 
Fig. 7.  
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Fig. 7 The change of elasticities over three periods, 1989-1999, 2000-2009, 2010-2018. 
The average is shown by the ‘cross’, and is calculated over the industry sectors in each 
period. 
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Fig. 8. The change of elasticities over the periods 
 
 As observed, the averaged elasticities always fall in the quadrant C, where capital is more 
intensive used than labor. The total sum of elasticities shows upward increase to the recent 
period by 0.05 point. But, the shift is not consistently one way in horizontally or vertically. 
The total sum depends on the relative portion of labor’s elasticity, while the majority of the 
portion is constantly kept at capital intense. 
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4.3. Industrial productivity in correlation with other metrics 
 Given the distribution of  𝛽𝑘 and 𝛽𝑙 in 4.1., the next interest is in a general tendency of the 
four quadrants, indicating different boundary conditions of each quadrant. The comparison 
of the four quadrants is made based on metrics as shown in the   
30 
 
Table 3, which quantifies a performance of industry sectors of each quadrants. The metrics 
are prepared to cover the viewpoints of profitability, firm size, cost, investment for research 
& development, value added, operational efficiency, operational safety.  
Firstly, metrics as used in Cobb Douglas function are compared. Then, analysis in the same 
scheme is conducted with other metrics. Out of all the metrics considered in the analysis, 
shown in the report are the ones which exhibit remarkable characteristics. 
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Table 3 Explanatory variables for performances of industry sectors 
 
Id Metrics Category 
1 EBITDA Profitability 
2 EBITDA margin Profitability 
3 Net Profit Profitability 
4 Profit margin Profitability 
5 Fixed Assets Firm size 
6 Number of employees Firm size 
7 Total revenues Firm size 
8 Total costs Cost 
9 Costs of employees / Operating revenue Cost 
10 Average cost of employee Cost 
11 Research & Development expenses Investment 
12 R&D expenses / Operating revenue Investment 
13 Enterprise value / EBITDA Value added 
14 ROE using P/L before tax Value added 
15 ROCE using P/L before tax Value added 
16 ROA using P/L before tax Value added 
17 Shareholders funds per employee Value added 
18 Shareholders liquidity ratio Value added 
19 Net assets turnover Operational efficiency 
20 Working capital per employee Operational efficiency 
21 Total assets per employee Operational efficiency 
22 Stock turnover Operational efficiency 
23 Profit per employee Operational efficiency 
24 Operating revenue per employee Operational efficiency 
25 Interest cover Operational safety 
26 Current ratio Operational safety 
27 Solvency ratio (Liability based) Operational safety 
28 Gearing Operational safety 
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4.3.1. EBITDA 
 The comparison for EBITDA shows the quadrants of A and D have significantly lower 
EBITDA compared to the quadrants of B and C. Also, the quadrant A is even significantly 
lower than the quadrant D.  
 All in all, this means EBITDA tends to be higher in capital intensive industry sectors than in 
labor intensive ones. Also, within labor intensive sectors, the sectors with increasing return 
as the quadrant A have significantly lower EBITDA compared to the ones with diminishing 
return as the quadrant D. 
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Fig. 9 EBITDA 
The four quadrants are compared in terms of EBITDA [thousand USD]. 
The upper graph compares among industry sectors.  
The lower graph summarizes the upper graph into its average and standard deviation of 
each quadrant. 
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 4.3.2. Number of employees 
 Here, it is also clear that the quadrants of A and D appear to be smaller in a number of 
employees than the quadrants of B and C, which tells that labor intensive sectors tend to 
employ less employees than the capital intensive sectors.  
 Also, in comparison of the quadrant A and D, the quadrant A reveals significantly small 
number of employees than the quadrant D. The industry sectors, where a scale of economy is 
realized mainly due to labor input, has less employees than the sectors, where a scale of 
economy is not realized, but labor more intensively contributes to EBITDA. 
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Fig. 10 Number of employees 
The four quadrants are compared in terms of Number of employees. 
The upper graph compares among industry sectors.  
The lower graph summarizes the upper graph into its average and standard deviation of 
each quadrant. 
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4.3.3 Fixed assets 
 Fixed assets tend to be higher in the quadrants B and C than in the quadrants A and D; in 
other words, the quadrants A and D have less fixed asset than the quadrants B and C. It 
should be noted that the quadrant A has significantly lower monetary amount of fixed assets 
than the others. 
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Fig. 11 Fixed Assets 
The four quadrants are compared in terms of EBITDA [thousand USD]. 
The upper graph compares among industry sectors.  
The lower graph summarizes the upper graph into its average and standard deviation of 
each quadrant. 
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4.3.4. Total revenues 
 In Fig. 11, Total revenues show clear difference between the quadrant A and the other three 
quadrants; The quadrant A has significantly small total revenues. The quadrants B & C, 
capital intensive sectors, have relatively higher Total revenues than the quadrants A & D, 
labor intensive sectors. 
 
39 
 
 
 
 
Fig. 12 Total revenues 
The four quadrants are compared in terms of Total revenues [thousand USD]. 
The upper graph compares among industry sectors.  
The lower graph summarizes the upper graph into its average and standard deviation of 
each quadrant. 
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4.3.5. Profitability 
Profitability of industry sectors are summarized per and compared over the four quadrants. 
Profitability is evaluated in terms of EBITDA margin, Profit margin, ROE using P/L before 
tax, as given in Fig. 13 - Fig. 15.  
 
EBITDA margin shows slightly higher tendency for the quadrants A & B of increasing 
return, but these are not significant in comparison to the quadrants C & D of diminishing 
return. 
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Fig. 13 EBITDA margin 
The four quadrants are compared in terms of EBITDA margin [%]. 
The upper graph compares among industry sectors.  
The lower graph summarizes the upper graph into its average and standard deviation of 
each quadrant. 
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In Profit margin, 5414 Specialized Design Services is remarkable, showing the negative 
profit margin due to the fact the loss in net profit. Its reason is discussed in the later section 
based on quantitative analysis of this industry sector.  
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Fig. 14 Profit margin 
The four quadrants are compared in terms of Profit margin [%]. 
The upper graph compares among industry sectors.  
The lower graph summarizes the upper graph into its average and standard deviation of 
each quadrant. 
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 ROE shows over 20% in average for the quadrants A & B of increasing return, while the 
quadrants C & D of diminishing return have the lower than 20%. The wide standard 
deviation of the quadrant A is due to a large gap between 5411, the highly performing and 
5414, the poorly performing. 
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Fig. 15 ROE using P/L before tax 
The four quadrants are compared in terms of ROE using P/L before tax [%]. 
The upper graph compares among industry sectors.  
The lower graph summarizes the upper graph into its average and standard deviation of 
each quadrant. 
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4.3.6. Costs  
 Costs of industry sectors are evaluated in terms of Total costs, average cost of employee, 
costs of employees / operating revenue and research & development expenses, as provided 
in Fig. 16 - Fig. 19. 
For Total costs, the industry sectors in the quadrant A appear to be significant low costs. 
Generally, the quadrant B & C of the capital intensive are higher in total costs than the ones 
of the labor intensive. 
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Fig. 16 Total costs 
The four quadrants are compared in terms of Total costs [thousand USD]. 
The upper graph compares among industry sectors. 
The lower graph summarizes the upper graph into its average and standard deviation of 
each quadrant. 
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For average cost of employee, the quadrant A, with increasing return by the labor intensive, 
is the highest and the quadrant B, with increasing return by the capital intensive, is the 
lowest. The quadrants C and D of diminishing return fall in the middle range.   
 
49 
 
 
Fig. 17 Average cost of employees 
The four quadrants are compared in terms of Average cost of employees [thousand USD]. 
The upper graph compares among industry sectors.  
The lower graph summarizes the upper graph into its average and standard deviation of 
each quadrant.
50 
 
However, when costs of employees is relatively evaluated with respect to operating 
revenue, the quadrants A & B of increasing return are positioned higher compared to the 
quadrants C & D of diminishing return. 
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Fig. 18 Costs of employees / Operating revenue 
The four quadrants are compared in terms of cost of employees / operating revenue 
[thousand USD]. 
The upper graph compares among industry sectors. The lower graph summarizes the upper 
graph into its average and standard deviation of each quadrant. 
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 For research and development expenses, it is clear that the quadrants B & C of the capital 
intensive show the relatively higher values than the quadrant D of the labor intensive (the 
data are not available for the quadrant A). 
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Fig. 19 Research & Development expenses 
The four quadrants are compared in terms of Research & Development expenses [thousand 
USD]. 
The upper graph compares among industry sectors. The lower graph summarizes the upper 
graph into its average and standard deviation of each quadrant. 
Note : Research & development expenses are not available for the several industry sectors. 
Actually, no industry sectors in the quadrant A have the data. 
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4.3.7. Summary 
 
(a) The quadrants A, B vs C, D  
In comparison of the two groups of industry sectors between the increasing and diminishing 
returns ( the A, B quadrants vs the C,D quadrants), the following summary is made. 
 The profitability of the A and B with increasing return is higher in of the C and D with 
diminishing return, as observed in EBITDA margin and ROE using P/L. 
 The A and B with increasing return is higher in the cost of employees / operating 
revenue than the C and D with diminishing return. 
 
(b) The quadrants A, D vs B, C 
In comparison of the two groups of industry sectors between the labor and capital 
intensive( the A, D quadrants vs the B, C quadrants), the following summary is made. 
 The B and C with the capital intensive have the larger scale of revenue, costs and profit 
in absolute number than the A and D with the labor intensive. 
 The B and C with the capital intensive have the higher expenses of research and 
development than the D with the labor intensive. 
 
(c) The specificity of the quadrant A 
Several specific characteristics are found for the quadrant A, which exhibits the increasing 
return with the labor intensive input. 
 The A has the significantly smallest scale in Total revenues, EBITDA, Total costs, Fixed 
assets and a number of employees among all the quadrants. 
 The A has the highest cost in average cost of employees among all the quadrants. 
 
(d) The specificity of the quadrant B 
Several specific characteristics are found for the quadrant B, which exhibits the increasing 
return with the capital intensive input. 
 The B has the largest scale in EBITDA and Fixed assets among all the quadrants. 
 The B appears to slightly exceed in Number of employees, Total revenue, Profit margin, 
Total cost, Research and development expenses than the other three quadrants. 
 The B is the lowest in average cost of employees among all the quadrants. 
 
4.4. Industrial productivity with qualitative description 
 
The general description of these sectors are given below, and qualitative review is provided 
next to each description. The general description is obtained from Industrius CFO[14]. 
4.4.1. Legal Services 
 “This industry comprises offices of legal practitioners known as lawyers or attorneys (i.e., 
counselors-at-law) primarily engaged in the practice of law. Establishments in this industry may 
provide expertise in a range or in specific areas of law, such as criminal law, corporate law, family and 
estate law, patent law, real estate law, or tax law. 
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This industry is comprised of: 
NAICS 54111 - Offices of Lawyers   
NAICS 54112 - Offices of Notaries 
NAICS 54119 - Other Legal Services” 
 
 Legal Services obviously requires professional human resources. From this perspective, it 
makes a sense this sector appears to be more labor intensive to generate EBITDA.  
The previous sections, 4.2.1. – X. quantitatively indicate this characteristics of labor 
intensiveness by smaller number of employees, but higher cost of employees/operational 
revenue. This can be explained by the two publicly available literatures. The first one by 
Iossa [15] explains the two categories of law firms, expensive and less expensive. The second 
by Rebitzer [16] addresses institutional features of law firms in discussion about wage of 
lawyers.  
 According to Iossa, “two distinctive layers of quality exist within the legal profession, and it is 
typically observed that higher-quality lawyers are assigned higher- value cases and receive higher fees. 
The first category comprises lawyers who graduated from elite institutions, serve business clients, and 
charge high fees. The second category serves more individual clients and comprises lawyers who 
graduated from lower-schools, charge lower fees, and provide largely routine, non-contested legal 
services. Depending on their category, lawyers are then employed in different law companies, with the 
most reputable companies employing the most talented and well-trained”. The firms of legal 
services in this report are all listed companies. Therefore, it is rather likely these firms belong 
to the first category. In this case, the high EBITDA margin rate is reasonably supported, as 
provided in the Fig. 9. 
In Rebitzer discusses wages of lawyer from a viewpoint of the “efficiency wage 
hypothesis”. According to the efficiency wage hypothesis, employers strategically set wages above the 
opportunity cost of labor in order to elicit productivity or quality-enhancing behaviors from employees 
that might not otherwise be forthcoming. In his discussion, this efficiency wage hypothesis is not 
applicable to the law firms; namely, the law firms would not be inclined to pay wage 
premium to employees.  Because lawyers at hiring process are predisposed of committing 
sufficiently large performance bonds. According to Rebitzer, three institutional features are 
given as the basis of the above predispositions. “First, law firms are generally run and managed 
by lawyers who are themselves owners of the firm. This aspect of law firms makes unlikely the 
possibility that any wage premium paid to associates results from managers pursuing their own self-
interest at the expense of owners. Second, unlike many other labor markets, the threat of unionization 
is truly nonexistent in large law firms. Third, large law firms rely almost exclusively on a distinctive 
type of personnel policy to manage their associates, the 'up-or-out promotion tournament’. These 
promotion tournaments involve the employment of lawyers for a predetermined number of years, after 
which the firm makes the decision either to fire the associate or to promote her to a partnership position 
in the firm. Partnership status conveys job security and the right to share in the profits of the firm. 
(The parts irrelevant for the scope of this report is removed by the author)”. Having the above, the 
features as capping a number of years of employment coincides on the tendency to limit a 
number of employees in firms.  
4.4.2. Specialized Design Services  
“This industry group comprises establishments providing specialized design services (except 
architectural, engineering, and computer systems design). 
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This industry is comprised of: 
 NAICS 54141 - Interior Design Services   
 NAICS 54142 - Industrial Design Services   
 NAICS 54143 - Graphic Design Services   
 NAICS 54149 - Other Specialized Design Services” 
 
As in the case of Legal services, Specialized Design Services needs human resources to 
generate deliverables to their clients, unless these specialized designing can be automated.  
According to the work of Simone [17], firms in these creative design services often enjoy 
visibility far greater than economic and financial position. In this way, these firm keep their 
business model in a conflict between creative and economic results. Simone concludes top 
management’s efforts are aimed above all at achieving a certain creative result. Pursuing 
such a goal may very well have important effects on the firm’s economic-financial 
performance, at least in the long term, as it has the potential to generate future profits.  
This statement coincides on the findings as in Fig. 13, where Specialized Design Services 
exhibits their relatively low EBITDA margin and negative net profit. 
 
4.4.3. Accounting, Tax Preparation, Bookkeeping and Payroll Services. 
 “This industry comprises establishments primarily engaged in providing services, such as auditing of 
accounting records, designing accounting systems, preparing financial statements, developing 
budgets, preparing tax returns, processing payrolls, bookkeeping, and billing. 
This industry is comprised of: 
 NAICS 54121 - Accounting, Tax Preparation, Bookkeeping, and Payroll Services” 
 
This industry sector appears to be capital-intensive, while it shows the strongest in total 
revenues and EBITDA in all the given sectors of this report as in Fig. 11 and Fig. 12.  
Chang [18] discusses productivity growth of public accounting industry of Taiwan, by 
decomposing its factor into four components: efficiency change, technical progress, 
information technology, IT capital accumulation, and human capital accumulation. To 
survive in the highly competitive market of accounting, investment in information 
technology and human capital is emphasized in an effort of boosting productivity (i.e., 
revenues per employee), and facilitate services delivery. There are several papers supporting 
this argument of IT investment as a key driver of productivity improvement [19] [20] [21] [22] [23] 
[24].  
 
 4.4.4. Other Professional, Scientific, and Technical Services 
“This industry group comprises establishments engaged in professional, scientific, and technical 
services (except legal services; accounting, tax preparation, bookkeeping, and related services; 
architectural, engineering, and related services; specialized design services; computer systems design 
and related services; management, scientific, and technical consulting services; scientific research and 
development services; and advertising and related services). 
This industry is comprised of:  
NAICS 54191 - Marketing Research and Public Opinion Polling,  
NAICS 54192 - Photographic Services,  
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NAICS 54193 - Translation and Interpretation Services,  
NAICS 54194 - Veterinary Services,  
NAICS 54199 - All Other Professional, Scientific, and Technical Services” 
 
 Other Professional, Scientific, and Technical Services seems to contain multiple domains. It 
is not proper to represent them by one description. However, in general, it indeed considers 
adopting new technology as a key success factor, implying its requirement in capital 
investment. A brief description for each sub sector is provided as below. 
 
 54191 Marketing research and public opinion polling is supported by demands for online 
and digital research and advertising services. “Widespread attention to the performance of the 
economy following the recession has fuelled demand for public opinion polling services.  Those firms 
that have adopted online research techniques have gained a competitive advantage ([25]). “ 
 
 54192 Photographic Services is supported by growing demand from the advertising and 
marketing markets for photography. “Photographic service providers are constantly upgrading 
services by adopting new technologies of the industry. Many companies are launching light weight 
cameras with exhaustive features to capture wide range of photographs. For instance, in January 2016, 
Light Company launched the Light L6 Camera that packs the qualities of a DSLR into a slim mobile-
like body by folding optics. It can shoot from 16 different lenses with 13 megapixels each, and an 
algorithm integrates each image together. ([26])” 
 
NAICS 54193 - Translation and Interpretation Services is supported by the demands from 
any type of international organization who want to make their products and services 
available in more languages. “Factors driving this demand include mobile, wearables, and the 
internet of things (IOT); on-demand offerings to support live chat, texts, tweets, and other short-shelf 
content bits; and legislation requiring access to language services. Embracing technology and 
diversification are key to continued growth for LSPs. Those that can successfully adopt machine 
translation and other technologies will find themselves able to grow quickly, but those that cannot may 
find that their earnings stagnate,” comments DePalma. ([27])” 
 
NAICS 54194 - Veterinary Services is supported by the market driven by the increased level 
of social and digital marketing, conservation of fauna and the rising livestock population. 
Sandeep [28] discusses “technological advances are rapidly transforming the veterinary services 
industry — expanding treatment options and boosting potential revenue growth. And, the following 
four trends are important for the service providers to stay competitive.  
1. Adopt Big Data in Veterinary Care.  
2. Invest in Wearable Technologies to Monitor Pet Health 
3. Start Offering Premium Services to Increase Revenues 
4. Offer Stem Cells Therapy to Treat Animals” 
 
4.4.5. Dry cleaning and Laundry Services 
“This industry comprises (1) establishments primarily engaged in operating facilities with coin-
operated or similar self-service laundry and drycleaning equipment for customer use on the premises 
and (2) establishments primarily engaged in supplying and servicing coin-operated or similar self-
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service laundry and drycleaning equipment for customer use in places of business operated by others, 
such as apartments and dormitories.  
This industry is comprised of: 
NAICS 81231 - Coin-Operated Laundries and Drycleaners   
NAICS 81232 - Drycleaning and Laundry Services (except Coin-Operated)   
NAICS 81233 - Linen and Uniform Supply” 
 
It is reasonable to see Dry cleaning and Laundry Services in the quadrant B, where its 
output is more capital driven than labor driven. Obviously, it requires sufficient fixed asset 
as coin-operated laundry system to run their business. To be more insightful, the following 
references are obtained from Grand View Research [29]. 
 “The market is fragmented in nature as large number of players are operating in this industry. The 
products offered by the companies are self service facilities or specialty cleaning, dry cleaning or full 
service laundering facilities….Introduction of technologically advanced products such as coin or card 
operated machines are anticipated to fuel the market growth over the forecast period. Some laundromat 
operators have migrated from traditional coin-operated machines to more modern card-operated 
machines as these systems offers detailed information about machine use, revenue and sent alert to 
property managers for maintenance. Such advancements in machines, along with the emergence of 
remote check for machine availability and receiving automated text messages after completing laundry 
at the facility, are projected to propel the market growth over the forecast period.” 
  
59 
 
4.5. Firm-level productivity 
4.5.1. Review of approach 
In this section, the primary goal is to look for firm’s performance characteristics, which 
leads a firm to increasing return along invested inputs (scale of economies). On this purpose, 
firstly, every firm is evaluated for its productivity performance by means of a gap between 
the actual and estimated EBITDAs. As discussed in the previous Section 3.3, this gap 
corresponds to relative performance difference to the average of an industry sector to which 
a firm belongs.  A ranking of firms from the largest positive gap to the largest negative gap 
corresponds to a ranking of firms from the highest outperformer to the poorest 
underperformer. Secondly, a series of the gaps of firms is compared with a series of other 
economical metrics of firms, in order to seek for possible correlation between productivity 
performance and other performances metrics. 
For this comparison between firm’s relative productivity performance and economical 
metrics, two approaches are taken; single regression analysis and multivariate regression 
analysis.  
In the single regression analysis, firm’s performance is compared with a specific metric in 
order to seek for a dominant contribution by a metric. These economical metrics are the same 
ones as used in Table 3 Explanatory variables for performances of industry sectors.  
In the multivariate regression analysis, firm’s performance is checked for correlation with 
multiple independent variables as “Profit per employees”, “Operating revenue per 
employees”, “Average cost of employee”, “Total assets per employee”. These are specifically 
selected on an intention to find a hint useful for indicative gauges in an operation of service 
business. The assumption is that a manager in service business wants to specify what 
parameter is in influence with the productivity performance. And these metrics need to be as 
relevant as they can control at the level of a group inside a firm rather than metrics which 
represent firm-level performances. Therefore, selected are the performance metrics, which 
can be calculated at each group. 
4.5.2. Productivity correlation with single metrics    
4.5.2.1. Single regression analysis 
An example is given as in Fig. 20, it shows the relative productivity performance for firms 
in 5419 Other Professional, Scientific, and Technical Services. The horizontal axis corresponds 
to the relative productivity performance with respect to the average of the industry. The 
more positive, the more outperforming a firm is. The highest performer at significant level of 
1% is highlighted in red. 
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Fig. 20. Relative productivity performance differences 
Shown in a histogram is the relative productivity performance originated from differences 
between the estimated average of EBITDA and the actual EBITDA. The horizontal axis 
corresponds to the relative productivity performance, and the vertical axis is a number of 
occurrences at each bin. In this example, the samples are obtained from 5419 Other 
Professional, Scientific, and Technical Services 
  
 Next, this relative productivity performance is coupled with other performance metrics. In 
the example given below, EBITDA/Fixed asset ratio is used as metrics on the horizontal axis. 
A note is that the variables on the horizontal axis is expressed in a logarithmic form to be 
consistent with the variable on vertical axis, which is logarithmic difference of EBITDA 
between the estimated and the actual.  
The linear regression analysis is conducted. And, the resulting coefficient of each metrics is 
identified and represents its sensitivity to the relative productivity performances. When a 
higher sensitivity is found for a certain metrics, then this metrics can be regarded as highly 
correlating parameter to the productivity performance. 
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Fig. 21. Correlation of EBITDA/Fixed asset with productivity performance at firm level  
Correlation is shown between relative productivity performance and EBITDA/Fixed assets 
ratio in logarithmic expression. The linear regression curve is obtained for both the gradient 
and constant at significant level of 5%.  
 
4.5.2.2. Results  
As discussed in 4.4.2.1., the single linear regression analysis is made for the five industry 
sectors, which exhibit the scale of economies. The results are provided in the Table 4 -   
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Table 8.  P-values are highlighted in case it is below 5% of its significant level. 
Then, the coefficients estimated at the significant level of 5% are collected and grouped per 
each metric for comparison over the five industry sectors (Fig. 22). 
Moreover, to evaluate the coefficients over all the firms regardless to scale of economies, the 
coefficients are averaged per each quadrant, and are shown as below for comparison among 
the four quadrants (Fig. 23) 
  
63 
 
Table 4. The results of single linear regression analysis for 5411 Legal Services. 
Each metrics, as dependent variable, is evaluated for its correlation with relative productivity 
performance as independent variable by the single linear regression analysis. Both coefficient 
and constant are provided for each metrics next to their corresponding P-values. The 
coefficient can be considered as sensitivity to the relative productivity performance. 
 
Metrics coefficient P(coefficient) constant P(constant) R2 
Average cost of 
employee 
0.290 0.170 -1.249 0.162 0.043 
Costs of employees / 
Operating revenue 
-0.721 0.005 2.481 0.006 0.170 
Current ratio 0.278 0.155 -0.203 0.330 0.043 
Fixed Assets 0.000 1.000 0.000 1.000 0.000 
Gearing 0.050 0.507 -0.232 0.439 0.016 
Interest cover 0.186 0.015 -0.528 0.058 0.125 
Net assets turnover 0.216 0.119 0.003 0.984 0.053 
Net Profit 0.136 0.073 -0.958 0.122 0.071 
Number of employees 0.000 1.000 0.000 1.000 0.000 
Operating revenue per 
employee 
0.461 0.001 -2.428 0.001 0.202 
Profit margin 0.423 0.004 -1.083 0.010 0.166 
Profit per employee 0.319 0.000 -1.020 0.001 0.264 
ROA using P/L before 
tax 
0.667 0.000 -1.507 0.000 0.360 
ROCE using P/L before 
tax 
0.587 0.000 -1.605 0.000 0.323 
ROE using P/L before 
tax 
0.460 0.000 -1.352 0.001 0.298 
Shareholders funds per 
employee 
0.086 0.284 -0.396 0.342 0.027 
Shareholders liquidity 
ratio 
0.021 0.817 -0.009 0.965 0.001 
Solvency ratio (Liability 
based) 
0.012 0.910 -0.019 0.971 0.000 
Stock turnover 0.094 0.215 -0.436 0.154 0.100 
Total assets per 
employee 
0.150 0.152 -0.842 0.165 0.043 
Total costs 0.109 0.267 -1.054 0.273 0.026 
Total revenues 0.200 0.039 -1.994 0.042 0.087 
Working capital per 
employee 
-0.266 0.005 0.891 0.008 0.363 
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Table 5. The results of single linear regression analysis for 5414 Specialized Design 
Services (same layout as Table 4.). 
 
Metrics coefficient P(coefficient) constant P(constant) R2 
Current ratio 0.198 0.565 -0.160 0.431 0.014 
Fixed Assets 0.000 1.000 0.000 1.000 0.000 
Gearing 0.322 0.074 -1.313 0.089 0.144 
Interest cover 0.290 0.021 -0.030 0.880 0.347 
Net assets turnover -0.010 0.953 0.001 0.992 0.000 
Net Profit 0.118 0.176 -0.582 0.390 0.175 
Number of employees 0.000 1.000 0.000 1.000 0.000 
Operating revenue per 
employee 
0.131 0.476 -0.653 0.481 0.021 
Profit margin 0.463 0.039 -0.528 0.215 0.334 
Profit per employee 0.631 0.001 -1.018 0.014 0.667 
ROA using P/L before 
tax 
-0.030 0.912 0.246 0.618 0.001 
ROCE using P/L before 
tax 
0.163 0.107 -0.097 0.701 0.175 
ROE using P/L before 
tax 
0.306 0.075 -0.533 0.282 0.260 
Shareholders funds per 
employee 
-0.145 0.358 0.637 0.370 0.035 
Shareholders liquidity 
ratio 
-0.169 0.196 0.103 0.505 0.072 
Solvency ratio (Liability 
based) 
-0.254 0.141 1.103 0.149 0.088 
Stock turnover -0.174 0.087 0.455 0.130 0.133 
Total assets per 
employee 
-0.055 0.779 0.290 0.780 0.003 
Total costs 0.003 0.957 -0.034 0.958 0.000 
Total revenues 0.013 0.826 -0.144 0.830 0.002 
Working capital per 
employee 
0.194 0.296 -0.677 0.308 0.060 
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Table 6. The results of single linear regression analysis for 5412 Accounting, Tax 
Preparation, Bookkeeping and Payroll Services (same layout as Table 4.). 
 
Metrics coefficient P(coefficient) constant P(constant) R2 
Average cost of 
employee 
0.194 0.009 -0.726 0.005 0.055 
Costs of employees / 
Operating revenue 
-0.124 0.072 0.290 0.216 0.026 
Current ratio 0.098 0.329 -0.050 0.496 0.004 
Fixed Assets 0.000 1.000 0.000 1.000 0.000 
Gearing 0.079 0.174 -0.581 0.011 0.013 
Interest cover 0.142 0.000 -0.437 0.000 0.098 
Net assets turnover 0.239 0.002 -0.071 0.220 0.035 
Net Profit 0.064 0.001 -0.498 0.010 0.049 
Number of employees 0.000 1.000 0.000 1.000 0.000 
Operating revenue per 
employee 
0.393 0.000 -1.939 0.000 0.172 
Profit margin 0.401 0.000 -0.841 0.000 0.258 
Profit per employee 0.319 0.000 -0.765 0.000 0.347 
R&D expenses / 
Operating revenue 
-0.095 0.067 -0.165 0.100 0.098 
Research & 
Development expenses 
-0.003 0.897 -0.070 0.726 0.001 
ROA using P/L before 
tax 
0.527 0.000 -1.009 0.000 0.317 
ROCE using P/L before 
tax 
0.586 0.000 -1.562 0.000 0.438 
ROE using P/L before 
tax 
0.512 0.000 -1.406 0.000 0.359 
Shareholders funds per 
employee 
0.210 0.000 -0.910 0.000 0.066 
Shareholders liquidity 
ratio 
0.110 0.000 -0.213 0.003 0.054 
Solvency ratio 
(Liability based) 
-0.137 0.005 0.611 0.007 0.029 
Stock turnover 0.102 0.087 -0.655 0.018 0.051 
Total assets per 
employee 
0.289 0.000 -1.495 0.000 0.135 
Total costs 0.042 0.054 -0.500 0.060 0.014 
Total revenues 0.056 0.010 -0.677 0.011 0.025 
Working capital per 
employee 
0.148 0.081 -0.689 0.001 0.048 
 
  
66 
 
Table 7. The results of linear regression analysis for 5419 Other Professional, Scientific, 
and Technical Services (same layout as Table 4.).  
 
Metrics coefficient P(coefficient) constant P(constant) R2 
Average cost of 
employee 
0.069 0.457 -0.193 0.436 0.007 
Costs of employees / 
Operating revenue 
-0.158 0.062 0.339 0.160 0.043 
Current ratio 0.359 0.000 -0.106 0.132 0.071 
Fixed Assets 0.000 1.000 0.000 1.000 0.000 
Gearing -0.083 0.215 0.204 0.490 0.012 
Interest cover 0.282 0.000 -0.478 0.000 0.336 
Net assets turnover 0.305 0.000 -0.114 0.139 0.061 
Net Profit 0.057 0.005 -0.230 0.184 0.039 
Number of employees -0.003 0.926 0.022 0.922 0.000 
Operating revenue per 
employee 
0.590 0.000 -2.829 0.000 0.285 
Profit margin 0.294 0.000 -0.351 0.000 0.199 
Profit per employee 0.261 0.000 -0.367 0.000 0.286 
R&D expenses / 
Operating revenue 
0.161 0.017 0.029 0.814 0.083 
Research & 
Development expenses 
0.078 0.092 -0.448 0.232 0.044 
ROA using P/L before 
tax 
0.423 0.000 -0.607 0.000 0.385 
ROCE using P/L before 
tax 
0.529 0.000 -1.170 0.000 0.416 
ROE using P/L before 
tax 
0.245 0.000 -0.499 0.000 0.176 
Shareholders funds per 
employee 
0.145 0.002 -0.550 0.004 0.043 
Shareholders liquidity 
ratio 
0.130 0.000 -0.141 0.069 0.063 
Solvency ratio (Liability 
based) 
0.103 0.078 -0.429 0.100 0.014 
Stock turnover 0.280 0.000 -0.982 0.000 0.107 
Total assets per 
employee 
0.221 0.000 -1.062 0.000 0.053 
Total costs 0.079 0.004 -0.866 0.005 0.033 
Total revenues 0.089 0.001 -0.992 0.001 0.043 
Working capital per 
employee 
0.051 0.479 -0.163 0.364 0.004 
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Table 8. The results of linear regression analysis for 8123 Dry cleaning and Laundry 
Services (same layout as Table 4.). 
 
Metrics coefficient P(coefficient) constant P(constant) R2 
Average cost of 
employee 
0.025 0.652 0.020 0.908 0.002 
Costs of employees / 
Operating revenue 
0.096 0.237 -0.238 0.406 0.015 
Current ratio 0.153 0.002 -0.060 0.060 0.036 
Fixed Assets 0.000 1.000 0.000 1.000 0.000 
Gearing -0.100 0.001 0.422 0.001 0.048 
Interest cover 0.132 0.000 -0.247 0.000 0.176 
Net assets turnover 0.070 0.161 -0.019 0.535 0.007 
Net Profit 0.031 0.027 -0.266 0.056 0.021 
Number of employees 0.000 1.000 0.000 1.000 0.000 
Operating revenue per 
employee 
0.095 0.007 -0.432 0.008 0.027 
Profit margin 0.159 0.000 -0.254 0.000 0.130 
Profit per employee 0.122 0.000 -0.180 0.000 0.127 
R&D expenses / 
Operating revenue 
0.189 0.006 -0.250 0.021 0.273 
Research & 
Development expenses 
-0.055 0.237 -0.116 0.738 0.069 
ROA using P/L before 
tax 
0.180 0.000 -0.297 0.000 0.177 
ROCE using P/L before 
tax 
0.333 0.000 -0.770 0.000 0.302 
ROE using P/L before 
tax 
0.157 0.000 -0.374 0.000 0.112 
Shareholders funds per 
employee 
0.070 0.013 -0.260 0.018 0.023 
Shareholders liquidity 
ratio 
0.057 0.008 -0.047 0.112 0.026 
Solvency ratio (Liability 
based) 
0.096 0.004 -0.431 0.005 0.031 
Stock turnover 0.143 0.000 -0.395 0.000 0.083 
Total assets per 
employee 
0.032 0.250 -0.145 0.260 0.005 
Total costs 0.014 0.404 -0.172 0.408 0.003 
Total revenues 0.019 0.226 -0.250 0.230 0.005 
Working capital per 
employee 
-0.086 0.008 0.210 0.012 0.028 
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Fig. 22 Coefficients of metrics correlating with the relative productivity performances of 
the firms at significant level of 5%.  
Each bar represents a certain industry sector, which exhibits the increasing return of invested 
inputs with the labor intensive input. 
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Fig. 23 Averaged coefficients of metrics over firms in the four quadrants.  
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From these results, the following findings can be noted 
 
 EBITDA related metrics 
 It is clear that the metrics including the EBITDA are highly correlating with the 
productivity performance. This is obviously due to the cross-coupling between the 
metrics and the relative productivity performance, which is essentially the relative 
difference of EBITDA between the actual and the estimated by Cobb-Douglas 
function.  
 Metrics related to profitability and value added 
 Other metrics related to profitability show high sensitivity, such as profit margin 
and profit per employee. These are also practically coupled with EBITDA; when 
EBITDA increases, it provides a positive baseline for profit margin as well. 
 Metrics related to value added as ROA, ROE and ROCE also appear to be highly 
coupled to productivity performance. This can be explained by the indirect 
relationship with EBITDA, similarly as the case for metrics of profitability. 
 Operating revenue per employee 
 This operating revenue per employee is found to be highly correlated to the 
productivity performance. Higher operating revenue obviously uplifts baseline for 
EBITDA, so eventually cross-coupled to the EBITDA. In this sense, this can be 
positioned in the same discussion for the profitability and value added. 
 However, one unique use of operating revenue per employee is that this can be 
referred to as a metric available at earlier and closer stage of day-to-day business 
operation ; Revenue is a top-line number, while several accounting processes are 
required for EBITDA. 
 Costs of employees / Operating revenue 
 5411 Legal services shows the negative coefficient to the productivity.  
 The same counterproductive tendency is seen for the sectors in the quadrants of C & 
D, but these two quadrants have smaller coefficient in the absolute number.  
 This indicates the legal services is featured by a specific sensitivity of costs of 
employees / operating revenues, and its productivity is highly influenced by this 
metric. 
 Research & development expenses / Operating revenue 
 The firms in the quadrants C & D have the negative coefficients for this metric, 
while the positive coefficient is found for firms in the quadrant B. 
 This implies the firms which show diminishing return along invested inputs lose the 
productivity performance by spending higher research and development expenses 
in a portion to operating revenue. 
 
4.5.3. Productivity correlation with multiple metrics 
4.5.3.1. Multivariate regression analysis  
Similarly to the discussion around Fig. 20, the relative productivity performance is set as 
independent variable. The following variables are selected as independent variables. “Total 
costs” and “Total revenues” are added to control an influence of firm size. Also, dummies for 
year and industry are included in the OLS analysis. 
71 
 
In order to seek for correlation with the variables as Table 9, the OLS analysis is conducted 
individually for the following three cases ; 
1. With all the observation samples  
2. With the observation samples from the firms in the quadrants A & B, where a scale of 
economies are present. 
3. With the observation samples from the firms in the quadrants C & D, where a scale of 
economies are not confirmed. 
In OLS analysis, all the dependent variables in Table 9 are expressed in natural logarithmic 
form. 
 
Table 9. Variables used in the multi variate analysis 
Variable Intentions of variables 
EBITDA relative to the industry average 
(Productivity performance of a firm) 
Dependent  
Profit per employee Independent 
Operating revenue per employee Independent 
Average cost of employee Independent 
Working capital per employee Independent 
Total assets per employee Independent 
Total costs Control 
Total revenues Control 
Year of sample Control 
Industry of sample Control 
 
4.5.3.2. Results 
The results of the three cases are shown as Table 10 - Table 12. Fig. 24 compares the 
estimated coefficients for dependent variables among the three cases. 
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Table 10.  Coefficients of multivariate regression analysis for all the samples  
The target independent variable is EBITDA relative to the industry average. R2 = 0.673.  
 
 coefficient P>|t| t 
Ln(Total costs) -1.69 0.00 -49.31 
Ln(Total revenues) 1.74 0.00 50.53 
Ln(Profit per employee) 0.32 0.00 59.40 
Ln(Operating revenue per employee) 0.49 0.00 47.00 
Ln(Average cost of employee) -0.02 0.00 -3.44 
Ln(Working capital per employee) 0.08 0.00 15.25 
Ln(Total assets per employee) -0.50 0.00 -57.52 
 
 
Table 11. Coefficients of multivariate regression analysis for the samples of firms in the 
quadrant A & B, where scale of economies is confirmed at industry level.  
The target independent variable is EBITDA relative to the industry average. R2 = 0.625. 
 
 coefficient P>|t| t 
Ln(Total costs) -2.61 0.00 -6.34 
Ln(Total revenues) 2.54 0.00 6.21 
Ln(Profit per employee) 0.27 0.00 4.95 
Ln(Operating revenue per employee) 0.78 0.00 6.34 
Ln(Average cost of employee) 0.09 0.20 1.30 
Ln(Working capital per employee) 0.05 0.23 1.21 
Ln(Total assets per employee) -0.93 0.00 -10.53 
 
 
Table 12. Coefficients of multivariate regression analysis for the samples of firms in the 
quadrant C & D, where scale of economies is not confirmed at industry level. 
The target independent variable is EBITDA relative to the industry average. R2 = 0.679. 
 
 coefficient P>|t| t 
Ln(Total costs) -1.69 0.00 -49.45 
Ln(Total revenues) 1.75 0.00 50.73 
Ln(Profit per employee) 0.32 0.00 59.19 
Ln(Operating revenue per employee) 0.48 0.00 46.58 
Ln(Average cost of employee) -0.01 0.00 -3.17 
Ln(Working capital per employee) 0.08 0.00 15.30 
Ln(Total assets per employee) -0.49 0.00 -56.48 
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Fig. 24. Comparison of the three multivariate regression analyses for each coefficient 
Shown are the coefficients which are estimated at significant level 5% for all the three 
analysis cases.  “All” stands for the case where all the samples are used. “A&B” and “C&D” 
do for the case with the samples from the quadrant A&B and C&D, respectively. 
 
 
 Consistently over all the cases, the results show productivity performance is positively 
correlated with Total revenues, Profit per employee and Operating revenue per employee, 
while inversely correlated are Total costs and Total assets per employee. Apart from Total 
costs and Total revenues as control variable, Operating revenue per employee has the 
highest coefficient compared to the others, implying operating revenue per employee can 
serve as a correlative gauge to indicate the productivity.  
Interestingly, increasing Total assets per employee appears to negatively contribute to 
EBITDA relative to the industry average.  This corresponds to the fact that a firm should 
have either less assets or more employees in order to avoid a negative contribution to 
productivity. In other words, a firm suffers from negative contribution of Total assets per 
employees, if it invests just on assets. It, however, suggests it had better increase a number of 
employees as the same time. 
Comparing the three multivariate regression cases, the case of “A&B” has higher coefficient 
in absolute number, compared to “All” and “C&D”.  The higher coefficient means the more 
return, though it can be positive and negative, depending on the sigh of coefficient. So, firms 
in the quadrant “A&B”, where scale of economies is confirmed, are more sensitively 
influenced by these variants than “C&D” in terms of productivity performance.   
  
-3.00
-2.00
-1.00
0.00
1.00
2.00
3.00
Ln(Total costs) Ln(Total
revenues)
Ln(Profit per
employee)
Ln(Operating
revenue per
employee)
Ln(Total assets
per employee)
C
o
ef
fi
ci
en
ts
 o
f 
ea
ch
 d
ep
en
d
en
t 
v
ar
ia
b
le
 
All
A&B
C&D
74 
 
5. Conclusions and discussion  
In this section, the conclusions are drawn after all the preceding sections. First, the research 
questions are reviewed, and the relevant information is collected to form their answers. 
Then, the implication out of the entire study is provided as conclusions and also left open for 
further discussion. 
5.1. Feedbacks to the research questions 
(a) Which industry sector realizes scale of economies in “As-Is”?  
This report identifies the five industry sectors, which realize scale of economies, out of 45 
service industry sectors ; “Legal service”, “Specialized Design Services”, “Accounting, Tax 
Preparation, Bookkeeping and Payroll Services”, “Dry cleaning and Laundry Services” and 
“Other Professional, Scientific, and Technical Services”. 
In general, differences between industry sectors which do and do not exhibit scale of 
economies are observed in profitability and value added. The industry sectors on scale of 
economies have higher EBITDA margin and ROE than the ones with diminishing return.  
  
(b) Is it more labor- or capital- intensive in the identified industry sector, where scale of 
economies is observed? 
First of all, over the three periods from 1989 to 2018, a trend is that the productivity of the 
entire 31 service industry sectors is elasticated more by capital-intense rather than by labor 
intense. 
Out of the five industry sectors, which exhibit scale of economies, the two services industry 
sectors are labor intensive. 
-  Legal Services  
- Specialized Design Services.   
The other three sectors are capital intensive. 
- Accounting, Tax Preparation, Bookkeeping and Payroll Services 
- Other Professional, Scientific, and Technical Services 
- Dry cleaning and Laundry Services 
 As general difference between the industry sectors with labor and capital intensive 
investment, the capital-intensive industry sectors have larger volume in total revenue, costs 
and profit than the labor-intensive industry sectors. Also, higher research & development 
cost is used for the capital-intensive industry sectors. 
 Specifically, the industry sectors which make scale of economies thanks to more labor 
intensive investment are found to be significantly small in the absolute scales of total 
revenues, total costs, fixed assets, a number of employees and EBITDA. This indicates labor-
intensive productivity is only manageable in small size of business. This industry sector 
tends to bear a high cost of employees at a price to be labor intensive. 
 On the other hand, the industry sectors which enjoy scale of economies thanks to more 
capital intensive investment are found to be larger in absolute scale of EBITDA, fixed asset, a 
number of employees, total revenue, profit margin and research & development cost. 
  
(c) What characteristics make a firm more productive in the given industry sector 
 Profitability and value added in business operation are common characteristics to be high 
performer in productivity. Regardless a firm is on highly productive with increasing return 
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or not, increasing operating revenue per number of employees coincides on positive 
productivity gain in a daily operation of business. However, a firm, which benefits from 
increasing return due to labor intensive input, is bound to jeopardize the productivity when 
cost of employees per operating revenue goes up. The same applies to a firm which is not on 
a scale of economies. 
If a firm is at a stage to show diminishing return along invested inputs, research and 
development expense per operating revenue becomes counterproductive to a gain in the 
productivity performance. 
Also, in general, a firm suffers from negative contribution of Total assets per employees 
against productivity performance, if it invests just on assets. It is suggested it had better 
increase a number of employees as the same time. 
 
5.2. Discussion 
 The goal of this report is to make useful hints in operating professional services business for 
higher output. The conclusions made available up to this point provide the fragmental facts, 
and this subsection challenges to make a story along these fragments even with unverified 
assumptions in between. 
 As a general trend where productivity is more contributed by capital investment than labor, 
whole the industry nowadays relies on assets for productivity growth. Especially, if business 
volume exceeds a certain point in its total revenue or number of employees or EBITDA, it 
becomes extremely challenging to sustain high productivity even if investment is made at 
labor. A turning point needs to be identified between labor and capital intense to stay 
productive in resource management. Given the business volume is relatively low, a chance to 
be productive by investment in labor is present, and it does not bring success by investment 
in capital. On the other hand, where the business volume is relatively high, productivity can 
be managed to be high out of investment in capital, e.g. information technologies, facility, 
equipment, depending on the environment of a service sector. 
 Where is this turning point? According to the section 4.3, a boarder line can be drawn on the 
figures like Fig. 9 - Fig. 12 by dividing the four quadrants on total revenues or EBITDA or a 
number of employees. As shown there, industry sectors, which can be productive due to the 
labor intense (the quadrant A), are positioned low. So, such a boarder line should be drawn 
at low value of total revenues or EBITDA or a number of employees. 
More importantly, however, a remark is only a few industry sectors realize the scale of 
economies out of labor intensive inputs, which are “Legal service” and “Specialized Design 
Services”. Even for these two, “Specialized Design Services” showed negative net profit in 
average. So, above all, an environment is severely rare where a firm can be successfully 
productive thanks to the labor intense.  
 In a daily operation of service business, a performance of productivity with respect to 
earnings may not be easily available. Instead, “cost of employees / operating revenue” and 
“operating revenue / number of employees” can serve as a gauge for monitoring 
productivity performance. Regardless to an industry is labor or capital intensive, “operating 
revenue / number of employees” indicates productivity performance correlatively. Inversely 
correlated, but, “cost of employees / operating revenue” can provide warning for 
productivity degrade. 
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5.3. Room for future research 
 Despite the discussion above, this report draws the conclusions mainly based on empirical 
research, using the quantitative data available. By default, validity of conclusions is bounded 
to be data available in the statistics. It needs to be remarked that a number of firms and 
available data are not equally distributed over the industry sectors. Especially, a number of 
samples available in the quadrant A is lower than the other quadrants. So, a room for 
improvement is suggested, where more data becomes available for the analysis. 
 Given the global tendency that productivity shifts toward the capital intense, more detailed 
description in the capital investment is valuable. In this report, it uses capital as a collective 
representation of all the equipment, facility, software license and so on. However, as in case 
of “Accounting, Tax Preparation, Bookkeeping and Payroll Services”, it would be interesting 
in specifying it to be the infrastructure of information technology platform. These details are 
still important open points for further research. 
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